Cholangiocarcinoma (CCA) is the second most common primary malignancy. Although it is more common in Asia, its incidence in Europe and North America has significantly increased in recent decades. The prognosis of CCA is dismal. Surgery is the only potentially curative treatment, but the majority of patients present with advanced stage disease, and recurrence after resection is common. Over the last two decades, our understanding of the molecular biology of this malignancy has increased tremendously, diagnostic techniques have evolved, and novel therapeutic approaches have been established. This review discusses the changing epidemiologic trends and provides an overview of newly identified etiologic risk factors for CCA. Furthermore, the molecular pathogenesis is discussed as well as the influence of etiology and biliary location on the mutational landscape of CCA. This review provides an overview of the diagnostic evaluation of CCA and its staging systems. Finally, new therapeutic options are critically reviewed, and future therapeutic strategies discussed. (Gut Liver 2017;11:13-26) 
INTRODUCTION
Cholangiocarcinoma (CCA) is the most common biliary tract malignancy and the second most common primary hepatic malignancy. 1 It is classified into intrahepatic (iCCA), perihilar (pCCA), and distal (dCCA) subtypes (Fig. 1) . The latter two subtypes were previously grouped as extrahepatic CCA but are now considered distinct entities based upon differences in their tumor biology and management. pCCA is the most common subtype. The prognosis of CCA is considered dismal. However, our understanding of its molecular tumor biology has increased, and advances in its surgical and nonsurgical management have resulted in improved outcomes and potentially curative treatments for selected patients. Fig. 1 . Cholangiocarcinoma classification. Classification of cholangiocarcinoma based on its anatomic location within the biliary tree into intrahepatic, perihilar, and distal cholangiocarcinoma. Intrahepatic cholangiocarcinomas (iCCA) are located proximal to the secondary branches of the left and right hepatic ducts. Perihilar cholangiocarcinoma (pCCA) describes tumors located between the secondary branches of the right and left hepatic ducts and the common hepatic duct proximal to the cystic duct origin. Distal cholangiocarcinoma (dCCA) describes tumors of the common bile duct (CBD), up to but not including the ampulla Vateri. The dCCA within the intrapancreatic portion of the CBD can be difficult to distinguish from pancreatic head carcinomas. RA, right anterior segmental duct; RP, right posterior segmental duct; RHD, right hepatic duct; LHD, left hepatic duct; CHD, common hepatic duct; CD, cystic duct; GB, gallbladder.
in the United States for 3% of overall cancer-related mortality. 2 CCA accounts for 15% to 20% of primary hepatobiliary malignancies. CCA incidence rates are inter-and intra-continentally heterogenous. The highest CCA incidence rates have been reported in Southeast Asia and the lowest in Australia. Within Southeast Asia, its annual incidence ranges from 0.1/100,000 to 71.3/100,000. Throughout Europe, incidence rates range between 0.4/100,000 and 1.8/100,000, and in the United States from 0.6/100,000 to 1.0/100,000. [3] [4] [5] During the last three decades, age-adjusted incidence rates (AAIR) of iCCA increased in Western Europe, while the incidence of extrahepatic CCA followed a stable to decreasing trend. 3, 5, 6 Interestingly, AAIR of extrahepatic CCA in the United States had significantly increased throughout the last four decades while iCCA incidence remained overall stable. 4 Causes for the changing trends in incidence have not been identified. Throughout the last decade, annual mortality rates of iCCA in the United States decreased by 2.5%, while they increased by 9% in Europe. 6, 7 The male-to-female ratio of CCA is 1:1.2-1.5. 2 Globally, the average age at diagnosis is >50
years. In Western industrialized nations, the median age at presentation is 65 years. It is uncommon before age 40 except in patients with primary sclerosing cholangitis (PSC).
ETIOLOGY
The majority of patients develop CCA in the absence of identifiable risk factors (Table 1) . 8 PSC patients have a 5% to 20% lifetime risk to develop CCA. However, only 10% of CCA are attributed to PSC. Usually, CCA is diagnosed after a median of 4 years following the PSC diagnosis. 9 Inflammatory bowel disease is not an independent risk factor for CCA in PSC. 10 Caroli's disease, and types I and IV biliary cysts increase the risk for cholangiocarcinogensis by 30-fold. 2 Importantly, excision of cysts reduces but does not eliminate the risk. 11 Hepatolithiasis has high incidence rates in Southeast Asia and is associated with a 6-to 50-fold increased risk for iCCA. 2 Cirrhosis has been identified as a possible independent risk factor for iCCA. 12 Data on hepatitis B virus and hepatitis C virus as risk factors for CCA show prevalence-based variability and require further validation. 2 Importantly, obesity, diabetes and the metabolic syndrome have recently been suggested as risk factors for CCA but data are inconsistent. 2, 13 In the context of globally increasing incidence rates of obesity, metabolic syndrome and iCCA, clarification of their associations will be important.
PATHOLOGY
Based upon their macroscopic growth pattern, CCA are classified as mass-forming, periductal-infiltrating or intraductalpapillary. iCCA are predominantly mass-forming, while pCCA are typically periductal-infiltrating. Histopathologically, 90% to 95% of CCA are adenocarcinomas of moderate to poor differentiation, with characteristic mucin expression and highly desmoplastic stroma (Fig. 2) . 8, 14 CK7 and CK19 expression are characteristic of CCA, but both proteins can also be expressed in hepatocellular carcinoma (HCC) and metastatic adenocarcinomas.
PATHOGENESIS
CCA is an epithelial malignancy originating from transformed cholangiocytes, with preclinical studies suggesting hepatic pro- Receptor tyrosine kinases such as IL-6 receptor, c-MET and the EGFR family members ERBB2 and ERBB1 are key signaling pathways in cholangiocarcinogenesis. CCA cells and cancerassociated fibroblasts express and secrete cytokines and other mitogenic growth factors (i.e., IL-6 and HGF) with subsequent auto-and paracrine stimulation of their cognate receptors. Receptor-overexpression (i.e., IL-6R, c-MET, and EGFR), inactivation of negative feedback mechanisms, and transactivation between receptors (i.e., c-MET/EGFR and COX-2/IL-6) further 
STAGING
Staging systems optimally provide a systemic approach to prognostication, therapeutic stratification and outcome com- parison. However, none of the currently existing CCA staging systems fulfills these criteria.
Intrahepatic CCA
Currently, there are three major staging systems for iCCA: (1) the American Joint Committee on Cancer/Union for International Cancer Control (AJCC/UICC); (2) the Liver Cancer Study Group of Japan (LCSGJ); and (3) the National Cancer Center of Japan (NCCN) staging systems. The AJCC/UICC staging system (Table 2 ) is the only system that has shown stage-survival correlation, but it is limited by its requirement for histology to determine Tis and T4. 27 Recently developed prognostic nomograms and modifications of the existing LCSGJ staging system outperformed the seventh edition AJCC/UICC staging system but further validation is required.
28,29
Perihilar CCA
The Bismuth-Corlette classification ( Fig. 3 ) was developed to guide surgical therapy but it is not a staging system per se. The two most commonly used staging systems for pCCA include the AJCC/UICC and the Memorial Sloan-Kettering Cancer Center (MSKCC) staging systems. In the most current seventh edition of the AJCC/UICC staging system, pCCA (Table 3 ) and dCCA are for the first time staged separately; thus, it requires further validation of its prognostic value. The MSKCC staging system failed to stratify resectable from unresectable patients with sufficient accuracy. New staging systems have been proposed awaiting further validation. 30 Very recently, a staging system was developed solely based on clinical information, which had excellent treatment-dependent and -independent prognostic performance, and outperformed the current TNM-staging system. 31 
Distal extrahepatic
The seventh edition of the AJCC/UICC is currently the only staging system for dCCA (Table 4 ). Its use is limited by a lack of correlation of its T-stages to outcomes after resection, and the need for microscopic evaluation of tumor invasion depth. 32 
CLINICAL PRESENTATION AND DIAGNOSIS
The clinical presentation of CCA is unspecific. Its diagnosis requires the combined interpretation of different diagnostic modalities ( Fig. 4A and B ).
Intrahepatic CCA
Nineteen percent to 43% of iCCA are diagnosed incidental- ly. 14, 33 Patients usually become symptomatic at advanced stage disease with unspecific symptoms such as abdominal pain, malaise, night sweats, and cachexia. Twenty-five percent of symptomatic patients have resectable disease versus 58% of nonsymptomatic patients. 8 The most commonly used tumor marker for CCA is carbohydrate antigen 19-9 (CA 19-9). Its accuracy in distinguishing iCCA from HCC is 63% to 67%. 34 However, CA 19-9 can also be elevated in other gastrointestinal, pancreatic and gynecologic malignances, and benign cholangiopathies. Eight percent of the population are Lewis antigen-negative and, therefore, do not express CA 19-9 regardless of tumor burden. The use of other tumor markers is limited by their low specificity (i.e., CEA and CA-125) or need for further validation (i.e., CA242 and CYFRA 21-1). Dynamic cross-sectional imaging is essential in the characterization of intrahepatic masses and the preoperative planning for CCA. The major limitation of ultrasound, including contrastenhanced ultrasound, is its inability to reliably distinguish HCC from iCCA with misdiagnosis rates of up to 52%. 35 Computed tomography (CT) and magnetic resonance imaging (MRI) can accurately distinguish iCCA from HCC in tumors >2 cm (Fig. 5) . 36 18 F-FDG-positron emission tomography (PET) with CT (PET/ CT) has a sensitivity and specificity of up to 95% and 83% in the evaluation of the primary tumor, but it does not provide a significant advantage over CT or MRI. 37 Also, positive FDGuptake can be observed in other malignancies (i.e., lymphomas), inflammatory and infectious processes. In the evaluation for lymph node metastases, 18 F-FDG-PET has a sensitivity and specificity of 80% and 92%, compared to 20% and 86% with CT. 38 The diagnostic accuracy of 18 F-FDG-PET for distant metastases is 88% versus 79% with CT. 39 While there are no data on tumor spread following tumor biopsy in iCCA, it is recommended in cases with inconclusive or contradictory test results given the differences in management and prognosis of iCCA versus other primary hepatic tumors.
Perihilar and distal CCA
Painless jaundice is the presenting symptom in 90% of pCCA patients, and acute cholangitis in 10%. Fifty-six percent of pCCA patients have systemic signs of malignancy (i.e., anorexia, weight loss, and fatigue) at their initial presentation. A palpable prominence of one hepatic lobe can occasionally be noted as manifestation of a hypertrophy-atrophy complex (unilobar biliary obstruction with ipsilateral vascular encasement resulting in ipsilateral hepatic lobe atrophy with contralateral hepatic lobe hypertrophy). A frequent diagnostic dilemma is the distinction of benign from malignant biliary duct strictures. Up to 15% of suspicious biliary strictures are postoperatively found to be benign. IgG4 serum concentrations need to be evaluated to rule out IgG4 cholangiopathy. In non-PSC patients with benign biliary strictures, CA 19-9 serum concentrations of <100 U/L have a negative predictive value (NPV) of 92%. 40 In PSC patients, a CA 19-9 cutoff of 129 U/L has a positive predictive value of 57% and a NPV of 99% for CCA. 41 However, CA 19-9 elevations >129 U/L have been reported in 30% to 37% of PSC patients without cholangiocarcinogenesis on long-term follow-up, and its specificity significantly decreases in cholestasis and cholangitis. 42 Cross-sectional imaging should be obtained prior to biliary interventions and surgery. Multidetector CT can identify anatomic variations and tumor extent, thereby, guiding the surgical approach. MRI with magnetic resonance cholangiopancreatography allows evaluation of the biliary tree and the hepatic parenchyma. Its accuracy in the evaluation of the local extent and resectability is up to 95%, but only 67% to 73% and 75% to 80% in detection of vascular and parenchymal invasion. Portal venous and hepatic arterial invasion can be assessed with CT with accuracies of up to 96% and 93%. 45 The sensitivity and specificity of 18 F-FDG-PET for the primary tumor in pCCA is 60% to 92% and 93% to 100%, while its sensitivity for regional lymph node metastases is only 13% to 50%. 46, 47 The predominant role of 18 F-FDG-PET in the evaluation of pCCA is the identification of distant metastases (Fig. 6) . Dependent on accessibility of the biliary tree, biliary strictures can be evaluated by endoscopic retrograde cholangiopancreatography (ERCP) or percutaneous transhepatic cholangiography. pCCA typically presents as a dominant stricture or filling defect. Interventional cholangiography allows sampling of the strictures and therapeutic biliary stent placement. The sensitivity of cytology of biliary brushings is only 20% to 43%, but can be increased up to 46% to 68% through additional analysis for chromosomal aneuploidy using fluorescent in situ hybridization (FISH). 48, 49 Single-operator peroral cholangioscopy (SOP) allows direct visualization of biliary defects, and guided brushings and biopsies. The accuracy of SOP with tissue sampling in patients in whom ERCP-guided tissue sampling was inconclusive is 58% to 95%. However, bile duct canniculation is unsuccessful in 18% to 41%, and interobserver agreement is suboptimal. 50, 51 Endoscopic ultrasound can detect lymph node metastases in up to 17% of patients negative for N1 disease on CT. 52 Although its sensitivity in diagnosing pCCA has been reported as up to 86%, biopsies of the primary tumor must be avoided as it can result in exclusion of these patients from potentially curative liver transplantation due to potential tumor cell spread.
MANAGEMENT
Surgical treatments are the only potentially curative therapeutic options for CCA. However, the majority of CCA patients are diagnosed at late stage disease, and 10% to 45% of patients considered resectable are found to be unresectable during explorative laparotomy. 8, 33, 53 More aggressive surgical approaches and improved radiologic techniques have resulted in improved R0 (tumor-free margins) resection rates (Table 5 ) but recurrence rates remain high with 49% to 64%. Recurrences are predominantly intrahepatic and usually occur within 2 to 3 years postresection.
8,14,33,54,55
Surgical resection
Surgical resection is the preferred treatment for CCA. Contraindications to surgical resection include bilateral, multifocal disease, distant metastases and comorbidities associated with operative risks outweighing the expected benefits of a surgery. PSC patients with pCCA should preferentially be treated with liver transplantation due to the field defect in PSC and frequent underlying advanced fibrosis. Regional lymph node metastases are not considered an absolute contraindication to resection, although N1 disease is an independent prognostic factor for worse outcomes (Table 5) . Dependent on the tumor extent, iCCA are resected by segmentectomy with 78% to 82% of patients requiring major segmentectomy (>3 segments). 8, 14 In cases in which low volume of the remaining hepatic lobe is prohibitive to resection, preoperative portal vein embolization of the ipsilateral hepatic lobe can result in compensatory hypertrophy of the contralateral lobe, thereby, permitting subsequent hemihepatectomy. While resection of Bismuth-Corlette type IV pCCA is not considered an absolute contraindication to resection, neoadjuvant chemoradiation followed by orthotopic liver transplantation (OLT) is the preferable treatment based upon its excellent outcomes (vide infra). dCCA are most commonly resected by conventional or pylorus-preserving pancreaticoduodenectomy with lymphadenectomy. pCCA tend to invade the right hepatic artery (RHA) due to its proximity to the biliary confluence. Recently, successful RHA-resection and -reconstruction in pCCA patients has been reported with perioperative mortality rates of less than 5% and 5-year survival rates of up 30%. 56 In selected patients with portal vein-or local invasion, pancreaticoduodenectomy with portal vein resection or hepatopancreaticoduodenectomy has been performed at specialized centers with R0 resection rates of 74% to 85% and 5-year survival rates of 11% to 37%; however, it is limited by high morbidity and mortality rates. 57 Postoperative morbidity and mortality rates have decreased in recent years (Table 5 ) Major postoperative complications include intraabdominal abscesses and bile duct leaks. 8, 33, 53, 58 Preoperative biliary drainage in patients with malignant jaundice is an area of controversy. Uncorrected preoperative jaundice has been associated with higher rates of postsurgical abscesses, bile leaks, biliary fistulae and sepsis. However, several studies failed to show significant improvements in morbidity and mortality with presurgical biliary drainage, and some reported increased overall and postsurgical complication rates. 59, 60 Presurgical biliary drainage should be pursued in patients with a bilirubin of >10 mg/dL, cholangitis, neoadjuvant treatment, and delayed surgery. Lymph node metastases and R0 status are the two major prognostic factors influencing outcomes after resection. 8, 33, 54 Approximately 45% of patients undergoing resection are found to be N+. 61 Five-year survival of N+ versus N0 disease is 0% to 9% versus 36% to 43% in iCCA, 0% to 29% versus 32% to 67% in pCCA, and 16% to 21% versus 42% to 61% in dCCA. 33, 62, 63 Based on a recent meta-analysis, the National Comprehensive Cancer Network (NCCN) recommends adjuvant chemotherapy with fluoropyrimidine-or gemcitabine-based regimens for patients with R1-resection and/or N1 disease. 64 However, there are no prospective, large randomized controlled trials that have yet shown a survival benefit from either neoadjuvant or adjuvant treatments.
Orthotopic liver transplantation
OLT is not recommended as monotherapy for CCA due to high recurrence rates and long-term survival of less than 20%. Recently, neoadjuvant chemoradiation followed by OLT has been established as an effective treatment for pCCA. Recurrence rates following this transplant protocol are 20%, and recurrence-free 5-year survival 68%. 65 However, patient-selection criteria are stringent (Tables 6 and 7) , and 25% to 31% of patients develop progression of their disease while awaiting OLT, resulting in exclusion from the protocol. 65 Few studies have evaluated the benefit of OLT with or without adjuvant treatment for iCCA; these studies were limited by their retrospective nature, small sample size, and differences in tumor characteristics and adjuvant treatment regimens. Recurrence rates were as high as 35% to 75% and 5-year survival only 34% to 51%; therefore, OLT is currently not recommended for iCCA.
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Nonsurgical therapies
Traditionally considered chemotherapy-resistant, the phase III randomized controlled ABC-02 trial reported a 6-month survival benefit in CCA patients treated with gemcitabine/cisplatin-combination therapy versus gemcitabine monotherapy. 69 A recent phase III randomized controlled trial showed higher objective response rates (31% vs 14%, p=0.004) and longer progressionfree survival (5.9 months vs 3.0 months, p=0.049) through the addition of the EGFR-inhibitor erlotinib to gemcitabine/cisplatin. 70 In the palliative setting, specialized centers offer locoregional therapies such as radiofrequency ablation, transarterial chemoembolization (TACE), drug-eluting bead-TACE, selective intraarterial radiotherapy with 90 Y microspheres or external beam radiation therapy. Few studies suggested a benefit of such therapies in regard to tumor progression and survival. These studies are limited by their retrospective nature, small sample size, different chemotherapeutic agents and inclusion of other biliary tract cancers. Currently, there are no prospective, randomized controlled trials that have shown a survival benefit Significant comorbidities prohibitive to surgery of locoregional therapies. Grade III/IV toxicity rates of up to 36% have been reported with the above described local ablative therapies. 71 Stenting with photodynamic therapy (PDT) has been compared to stenting without PDT. The results indicated a benefit in regard to survival, biliary drainage and quality of life; however this will need to be confirmed by larger studies. 72 In patients with unresectable CCA and cholestasis, drainage of >50% of the liver parenchyma can improve patient survival. Outcomes of percutaneously versus endoscopically placed biliary metal stents are comparable and the route of placement should be chosen based upon accessibility and comorbidities. 73 
FUTURE DIRECTIONS
Limitations of current clinical trials include small sample size, combined analysis of CCA and gallbladder carcinoma, and lack of randomization. Very few studies evaluated the therapeutic efficacy of targeted agents combined with retrospective analysis of transcriptomic data. However, preclinical and early clinical trials support targeting EGFR in combination with other molecular targets (i.e., HER2 and VEGFR) and/or chemotherapeutics. 70 Interestingly, mutations in KRAS are associated with resistance to receptor tyrosine kinase inhibition and poor survival. 20, 21 Targeting JAK/STAT3 is another highly promising approach based on preclinical studies. 26 Inhibitors of IDH1/2-mutations are currently evaluated in clinical phase I trials in solid tumors including iCCA. Interestingly, IDH1/2-mutations sensitize AML-cells to BH3-mimetics such as Navitoclax, a drug shown to effectively eradicate cancer associated fibroblasts in preclinical CCA models, thereby, offering an alternative approach for targeted treatment in selected patients with IDH-mutations. 74, 75 The identification of fusion FGFR2 in iCCA provides another druggable target currently evaluated in clinical phase I and II trials in CCA patients. 25 However, CCA are genetically highly heterogeneous and, therefore, precision medicine will be required to improve outcomes. 19 Transcriptomic analysis revealed prognostic classifiers that were independent of anatomical location, 19, 21 and next generation gene profiling demonstrated distinct subclasses prediciting survival and recurrence, thereby, allowing patient stratification based upon their prognostic and oncogenic pathway analysis. 26 Expansion of OLT or resection criteria could be based upon such classifiers in the future. Randomized controlled trials are needed that prospectively assign patients based upon their transcriptomic and genetic profile, but for outcome comparison, better staging systems will be needed.
